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REVIE'T OF BOR,/USGS SEDTilHTT-TRAJTSPORT AXD BE,f,CII.EROSIOtr
RTPORTS--GLEf, CAXYOT EITVIROUTIEf,TAL SIT'I}IES

IITRODUCTIOf,

General StateDent

Tbls report ls a second statenent for an ongolng analysLs of

studles belng conducteal by tbe U. S. Bureau of ReclaDation (USBR)

ancl U.S. Geologlcal Survey (USGS). l'be USAR,/USGS studles tere

undertaken to descrlbe ttre cbaracteristlcs of ttre sediment

transport and beaclr erosion for ttre Cotorado River between Glen

Canyon Dam and Lake Flead. The sedrment - transport and beactl-

erosion investigations are part of a compretrensive four-Iear

(1963-1986) Grand Canyon Envlronmental Study (GCES) designed to

examine tbe imllacts of the existlng operations of the Glen Canyon

Der'| and to ldentify possible feasible alternatlves to ttre present

operat ing criteria. Finding Ineaningful ansuters t o quest ions

pertinent to changes in selecte<! alluvial deposits, called

beacltes, that result because of regulation of uater is a main

objective of GcEs. Ttre Deaclres, corrlrosed primarlly of alluvlal

sedlnents Of sand Slzes, are of concern because they are caDp

sites for tourlst rafting or hiktng in the canton. In addttion'

ttre alluvial deposrts support riparian vegetation and witdllfe

wtrictr represents natural resources of ttre Grand Canyon.

ltre primary purpose of the ongoing anallrsis ls to l(eep the

U. S, Hational Park Service (IIPS) informed of the progress, merits

and limitations of the USBR,/USGS sediEent transport and beactr

erosion studies. Close examinations of all aspects of ttre
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USBR,/USGS studlT--ttre problem, tlre oDjectlves, fleld procedures

(netrork deslgn, data-collectLon programl, and offlce procedures

(analytlcal nethods and Eodeling effort)--are necessary for tbe

onSoLnS analysls.

BaslcallIZ, tbe flrst progress report (BurKhan, rrltten co@,

19Elt1 presented:

l. General descriptions of tlre characteristics--
Seneral physlograplrl hyalrologlcal setting,
and pre-drn| rlver--of ttre Colorado Ri.ver In
tlre Grand Canyon.

?. Cleneral dlscussions of the blrdraul lc and
phlslographlc ctraracteristlcs of ttre problem
encoEpassed by tlre USBR,/USGS studlr.

3. Brief outlines of the obJective, scope, and
approacb for specific USBR,/USGS studies in
progress in August 1964.

Brief det ai I s of the USBR/IISGS hydrarrl ic
model, sediment-transport rDoclcl, slrveys of
c anping beache s, channe I *bo t t om surv€YS,
phot o surveys, and de I t a- sediment provenance
surveys,

6.

Discusslons regarding the appl icatiorl,
l imitatlon and uncertarnty of approach f or
each of USBR/USGS studles, and

Conc lusLons and recomendat ions.

Tentative general concluslons outllned in the first progress

report (Burlcham, Fitten coltlD., 1984) basicalllr are as follows:

l. General statements about the source and
disposltion of the sediEent being Eoved, and
of ctranges in the character of sediment on
the river bed can be made when the sediment-
transport model becoEe operational and
analyses are made. Ilowever, predictrons of
the magnitude of "on slte' ctranges and of
lon8-range effects for the total clrannel that
are based so le I y on outputs f rom ttre
sediment-transport mo<lel should be in suspect
because of the man:r uncertainties pertinent
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to matbematlcal slmrlatlon, to the data used,
to model callbratlon and to model
appl lcat lon.

2. Rellalfle and dlrect ansrers to ttre questlon,
'Hor ls the present nornal operatl.on of tbe
Glen Canyon Dan effectlng cbanges ln the
c€lDlrlng lreaches?. and to ttre questLon, .Hot
long rlll tbe beacbes be usaDle for
necreatlon?. rl,ll not be obtalned as a result
of studles tbat rere belng prrsued in August
r964.

3. In a<ldltlon to tlreln rortb for the present
(1963-E+) prognan, results froro tbe US8R,/USGS
sedlment transport and beactr-eroslon studles
111 I have value f or ttre pl anning of
srtbsequent studles.

conclusl0ns and recou[tendatlons contained ln the flrst
progress report (Burtcham, vritten com., 19s4) uere considered in
ttre deslgn of four studies started after August 19E4.

rnvestigatlons started after August l9B4 uere the uscs bar-

stabll.ity, tributary*sedi.ment, and rapi d studies; and the llps

hyalraul ic -trend anal ysis.

hrpose, Scope end General Approacb

Ttre present (January, 1986) statenent presents revlews and

discussions related to draft reports that descrrbe results of the

USBRr/USGS secliment-transport and beach eposion studies. Reports

ttrat rere revlered are as folloved:
1. Sonar Patterns of the Colorado River Becl in

tlre Grand Canyon by Rtcharcl P. \dilson.

?-. sedrment Data collection and Analysis for
Five Stations on the Colorado River frou Lees
Ferry to Diamond creel( by Ernest L"
Pemberton.

3. Sediment Transport and R.iver Simllation Hodel
by Tj.E J. Randle and Cu.rtis J. Orvis.
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4. Results anal Analysls of sTARs lloclelln8 Effort
of the Colorado Rlver ln tbe Grand Canlfon by
Tlm J. Randle and Ernest L. PeEberton.

5. Unsteaaly Flor llodelLng of tbe Releases froE
Glen Cant'on Dam at Selected Locatlons ln
Grand Canyon Dy Jerold F. Lazerrby.

6. Debrls Flors fnom $lbutarles of tlre Colorado
Rlver ln tlre Grantl Canyon tatlonal Parlt bt
Robert H. Yebb, Patrlck T. Prlnglt, and Glen
R. Rlnlc

T. Tbe Raplds and Waves of ttre Colorado Rlyer,
Grand Canyon by Susan Y. Eleffer.
Aggradation, and Degradatlon of
Deposlts, 1965 to 1986, Colorado
Canyon llat ional Park, Arl zona
Schnldt and Julia B. Graf.

Topographi,c Surveys of Se l ect ed
along the Colorado River in the
llational Park by Ron Femarl.

Al luvlal Fan
River, Grand
by Jaclt C.

Sandy Beaches
Grand Canyon

lj A brief synopsis and anal ysis

srnopsis highl ights objectlves and

products of the study.

The analysis considers: ( t ) Uhether

needs of tlre ilPS, (e) to rhat level the needs

is givon for each report. Ttre

st.udy procedures and I ist s tbe

the report meet s the

of the ilPS are met,

t o IIPS int erest s does theand (3) what long-terrr trends

study suggest. Basical lL the

re l labt e and direct ansuers

re I evant

needs of the ilPS wi I I be met rhen

i s the norma I operat ion of the

are obt alned f or the guest ions 'Hor

Gl en Canyon Darn ef f ect ing change

in the camping beaches?' and, "Hov long r'ill the Beaches be

usable for recreation?' The answers t o these cnrestions are

of the dynamic s o fobtainable only after a sound underst anding

erosion, transport and deposition of sediment--clal7 to boulder
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slzes--for all coElronents--alluvial depositsr Dailr cllannel,

raplds, eddles--of tlre rlyer systeE is developed and ttrls
understandhg ls translated, 1n SoEe ray, to a capabllity to
predlct, Eaclr of tbe dlfferent reports descnlbes tbe results of
a studlr that bad as its goal tbe attaLnment of Lnfomatl.on about

onc or Dore coEponents of tbe rll'er system. F.or each report,
tlterefore, tbe analysis includes a coEparlson of ttre lnfornatlon
obtalned against that ;trlch, in the opLnlon of ttre revleuer,

strould be obtalned in order to lEprolre tbe overall ablllty to
predlct--or ansrer ttre tro questions presented above.

Posltive aspects of ttre study, areas of concern and

recomendations for follor-up studies beyond the life of ttre

present ( 1983-66) USBR,/USGS program are hightLgbted in the

discusslon sections. A listing of possrble ppocedrres available

for the development of a capability. to aalequately predict are

aIso rncluded ln the dlscussion section.

REVIET OF REPORTS

Sonar Patterns of the Colorado River Bed in the Grand
Canyon bIZ Rlchard P. Uilson

Svnopsls--The results of a study rith a goal (USGS

llemorandum <latetl October 2t, f9E3) 'to quantitatively describe

the proflle and geometry of the riven, the Iithology of the

mater.i.al underlying ttre channel, an<t the volume or erodible

sediment available to the river" are J)rcsented in ttre str-bject

'paper. The USGS researcher used distinctive patterns on side-

scan sonar and depth--finder ctrarts to delineate parts of the
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riverbed tbat had (!) a smootlr bottom, (e, sedlDent taves, and

(3) boulder and bedrocl( orrtcrops, He used aerial plrotosraPlrs,

Eaps and tater-surface pnoflles produced by Birdseye (19e3), and

Ded-oaterlal srEFles tn tbe dellneatlon of the tlrree tlTres of

rlveDbed surfaces. As <lescrlbed by ttre researcber, a smootb

bottom ls forDed b:z sand anal grayel ln areas of lot-velocltlz
currents, b? , gravel and cobbles near rlff les, rapi.ds, or

dornstream sldes of scour boles, and lrtr sand near ttre banks. The

sand uayes, ln areas of imediate velocitles clraracterlstlcally
dornstneaD fror scour holes, are composed malnly of median to

very coarse sand, fine gravel, and a fer Eedium to large pebbles.

Boulders and bedrocl( outcrops occur at rlffles, raplds, upstrea.E

sldes of scour lloles, and along trnrclr of ttre banl(s.

Tbe researclter used depth-flnder charts, aerial ptrotographs,

and tDaps and tater-sutface proflles produced b!' Birdseye (19e3)

to quantltatively describe ttre geonetry of ttre river in the Grand

Canfon.

A set of 189 sonar-pattern maps are ttre DaJor Product of tbe

stud?. About 75 percent of tbe 225 miles of river froE Lee's

Ferrfr to Diamond Creek ls covered by the Eaps. A.bout a5 percent

of the of nirler ras descrlbed as SaPs in the coverage. Ttle gaps

resulted becaqse of poor or no sonar image in rapids oP places

rlrere the ftor is highly turbulent, and bccause tfre sonar fish

was removed from tlrc water througtr maior raprds.

Cross-sectronal depths at ?2+ tocations along tlre riveP and

a depth profile for the thalveg of the river are also products of
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the study. The cro ss - sec t L ona I depths bas lcal Iy were t aken in
pools betreen raplds and or rlffles.

analysls--rtre strrdr,, lf coElrletely successful, tould rrave

Provlded tDree lnterrelated tlTles of lnforEatlon for ttre

usBRr/uscs progran, and for the f,PS. rt uould bave provlded: (il
General descrlptlons of the geometny and lltlrology of the rlver
tbat rere not avallaDle prlor to ttre 19g3-s6 stud?, (at base-lrne
data that can be used ln future studles, and (3) sonar-nap and

tater-deptlr data ttrat are pant of ttre lnput needed for the

sedi,Eent - transport node l. The study ras part laf 1y successful ,

esPecially for tlT)es of informatlon I and 2. ltre descriptlons of
ttre geometry and lithology of tlre riverbed are adequate to convey

a rDessage to ttle reader, (l) that the colorado Rlver in the Grand

Canyon is unique amorr8 most major rivcrs in tfre UnLted States;

and (e) time-honored empirlcal approlches used to dlscuss and

resolve sediment-related problems in othc.r rivers sbould be used

uitb caution ln appllcatlons to ttre sediment-relateal problems in
the Grand Canyon.

The study hacl only marginal success in provldlng type-3

inf ormat j'on.

( 1 ocat ions,

Dat a represent ing river- channe I geometry

di st ances and e I evat ions ) and dl stribut ion

(locations, areal extent, sedlEent sizes, and volu.me) of readily

transportable sediments are the inputs rgquired by the sedi.ment-

transport model. For reasons presented in the flrst progress

statement (Burl(haD, wri tten comtr. , 1964) the cfrannel -.geometry

data are at tlre "brink" of not being adequate. the
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transportaDle-seillment data also contain maJor flars as follors:
t. lbe data EaIZ contaln relatlyely large errors

ln location and areal extent;

dlstrlbutlon of sedlnent slzes ln the range
fron cobbles to sand ls not described ercept
ln a general uay;

tbe depth of transportabl e sediment along the
bed of the rlver is not deflned, and

flars t, ?, and 3 contribute to uncertainties
ln outputs from the sedlment-transport model.

A resurvet of ttre thalreg of tlre nlver after knorn large

inflors of sedlment f,rom tributary strearns, particularlt LlttIe
Colorado and Paria Ri.vers may prove beneficlal in provlding

inforoatlon about storage capacity for readily transportable

sediment s in poo I s in the river. The sonerr and depth- f inder

srrryeys ln 1984 rere rDade in a per-tod rtren ttre rivers pools

proDably vere largely depleted of sand-srze sedlments (BurKham,

'rltten cotE , 19661. Depletlon of sediments in the pools occur

during large floods in the Colorado Rlver, suctr as the one that

occumed ln June 1983. The resurvey sbould provide inforDation

about tlre amount of sedlEent in storage during a full-pool
reglEe--wbictr probably ealsts after large sedlment lnflots fron

tributary strerns. The dlfferences in storage indicateal by the

results of tlre tvo surveys--ttre one in 1984 and the one to be

made after a large sedinent inflov--wiIl give information about

tbe storage capacity for readily transportable sediments rn pools

in ttre Canyon.
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sedlDent Data collectlon and Analysls for Flve statlons
on the Colorado Rlyer fron Lees Ferry to Dlamond Greetr

by fnest L. Pemberton

Svnopsls--the results of an lnyesttgatlon rLth goals of
oDtalnhg data needed for sedlEent transport studles are
presented ln the subJect paper. Accordlng to the USBR

researcher, tbe sedlment transport studles rere requlred in order
to ievaluate ttre shont and long terE lulracts of sedinent DoveDent

on recreatlon, fl.sherles, vegetatlon, and beacb erosion of tbe

co I orado Riyer througrr the Grand canyonr. The deslgn of the

data-sarnPltng Progr?rD and ttre analysls of ttata malnlt rere made

to accoillodate tbe needs of the sediEent-transport nodel. The

flve sediDent stations wtlere data were obtaLned are at Lees

Fenry, above Little Colorado Rlver, near Grand Canyon, above

f,ational Canyon, and above Diamond Creek.

TIre products of ttre stualy for eacb of the stations are: (l)
Records of <tLscharge of rater and sand-size sediments for tro
perlods, and (e) equatl-ons relatlng the disctrarge of sand-size

sedlments to ttre dlsctrarge of f,ater. Ttre tvo perlods of records

ane from June 30, 1963 to December 13, 1983, and from Decenber t.
1985 to February 2, lgE6. the procedrre f or obt aining the

products for eactr of ttre sediment sampling sites involves steps

as follous:

1. Suspended-sediment samples rere obtained
periodlcally at several verticals in a cross
section of ttre river. The samples were used
to obtain <lata representing size distribution' and concL.ntrat ion f or suspencled sediment.
step I involved laboratory and office
analyses.

I
I
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?. Bed-materlal
perlodlcal f y at
uere used to
dlstrlbut lon of
on tlre bed.

silrltl es rere obt ained
ltre sasllrl esthe sect ion.

obtaln data represent ing the
the varlous sizes of sedinent

Step ? involved laboratory and
of f lce analyses.

Tbe streanf lor uas measured perlodical ly at
tbe sect lon to obtain data represent lng
dlsctrarge and h:rdrarl lc plrrameters--Eean
velocitY, cross-sectlonal area, stream ridth,
rnean depth of sectlon applicaDle to the part
of tlre cross- sect lon there sampl es rere
talten, and rater teuperattre.

Ttre total-load disctrarge of sand-si,ze
sediments ras computed. The tnodlfied
Einsteln method and f ive other sediment -
transport equat ions, cal I ed predict j.ve
ecluat ions by the researcher, xr€re used ln the
conputat i.ons. Data set s obtained in step 1,
?, and 3 uere used ln the equat i ons. Tot a l -
I oad disctrarge of sand inc ludes the part of
the total that moves near the bed, cotrmonly
cat I ed bed I oad. The sane da t a used in the
nodlf ied ELnstein equat lon uere used in the
predict ive ecluat ions except suspended-
sedlment data were not recfuired.

For the modlft,ed Elnstein method and for eaclr
predict lve equat lon, the sand- s i ze di scharges
obtained ln step + uere regressed against the
dlsctrarge of rater ( step 3) and a 'best -f it'
equatlon relating the discharge of sand-size
sediment to the dt sctrarge of vat er was
deve I oped f or eaclr sediment - samp t ing st at i on.

Fon each of the 'best -f i.t' equat ions,
conprrted values of sand-si ze discharge were
conpared to values obtained using the
modif ied Einstein method.

Analvsis---fire sediDent-saEpIing program was reqrrired so that

the discfrarge of sand-size sediment at the five selected sites

could be determined for the two periods--June 30 to December 13,

1963, and october l, 1985 to February 2, 1966. Ttre sediment-

discharge data were needed for:

10
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1. General alescriptlons of tfre seallDent--range
ln rates, voluDes, dlstrlbutlon of slzes,
cbange ln sLzes, etc. --belng Eoved;

sedlnent -budget studles ;

ana tyt lcal , come I at lve and trend anal yses;

sedlment -transport studles, lnc ludlng
Eodeling; and

5. base data for use in future studi.es.

The qualltZ of tbe data oDtained at the ftye seatlDent-

s:lt4rlln8 stations probabllr is adequate for tbe proJected needs of
the GCES. Horerler, ttre user should be arare of tbe possible

relatlvely large error ln the data represent ing the total
dlscbarge of sand-size sediments. According to BurKhan and Dardy

(1980), the overall standard error of estinate for ttre total-
sedlment illscharge of all slzes of sediments--from clay trrrough

coarse gravel--determined tiy using the mocliflecl Elnstein mettrod

is about eO percent but may range from ?5 percent for the

discbarge of fine sand to 135 percent for the dlscharge of coarse

sand. F\rtbermore, if the nodlfied Elnsteln method is used, tfre

flne-sand clisclrarSes mat be blased on the lor side by as mrclr as

t5 percent and tbe coarse sand may be blased on the high side bll

as Eucb as eO percent.

The user of the sediment data described in the subject

report should be aware of three other factors:

l. The Colorado River in the Grand C.lnyon, after
the construction of Glen Canyon Dam, is
primarily a supply-IiDited reach--ttre rj.ver
could trausport more sL.diment if it was
readily available;

1t
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much of the sedlment data descrlbed in the
subJect paper are for a period soon af ter the
occlllrrence of a I arge f I ood and, theref ore,
the sedlment data probably do not represent
:rn ayerage condltlon; thus the 'best-flt'
equat ions do not represent average
condltlons; and

3. beacbes are coEposed pnlEarlty of sand ln the
range of slzes from . 0625 to O.5O tilp (SEythe
an<l Graf , rrltten coE. , 1966); tbe best-f lt
equatlons ane for slzes ln the nange from
O. OO?S to 2. O m.

Tlre revleuer suggests that the standand emor of estlmate

should be used as the Eeasure of uncertalnty. The researeber

Presented nuDbers ttrat suggest tbat the coefficient of

comelation for the best-fit equations range fron O.566 to .995

thictr su8Sest good agreement betreen values estimated using the

best -f 1t equat ions and values obt ained using the modi f i ed

Einstein tnethod. Ttti s apparent good agreement , however, i s

ml s l eading. The relatlvel:r hfgn , coef ficients of correlation

(giyen ln tris table 10) result because tlre discharge of rater ls
ifierent in tbe sedlment-dlscharge alata. Ttrus in his analysis of

correlatlon, rater dlscharge is regressed against water

aliscbarge. Of the correlatlon coeffLclents given in table 1O,

rougtrlT o.7o ls the part that is inherent because rater disctrarge

appe:rrs in both paraneters- -sedlment disctrarge and wat ep

disctrarge.

Tt-le researcher stated that the same regression equation

could be used at ttre si-tes near Grand Canyon, above llatronal

Canyon and ;rbove Dr.amond Creek. By making this statement, he

apparently is implying, fop the study periods in 1983 and 1985-

?.

l{

I
I
I
I
I
I

I

I

I

I

I

I

I

I

I

I

1e



l-,
I
I
I
I
I
I
I

I

li
I

I

I

I

I

I

I

I

I

86, tbat only a sualr amount, lf ant', settlment ls belng eroded or
aleposlted ln tbe Colorado Rlver from tbe saElrthg site near Grand

canyon to the one aDove Dlamond creelG Ibls lDlrllcatl.on ls
suSSested Decause, as can be shorn by an appllcatlon of ttre

unsteadt-flor rcdel (Lazenly, rrltten com., 19g6l, only small

<ltfferences ln flou-rave Eagnltudes occur as a flor event moyes

dotnstream fron ttre sedlEent-s{rDlrllng site near Grand Canton to

the one above Dianond Creelt.

Setllment Tnarrsport and RLver Slmrlation llodel

by Curtis J. Orvls and Tl.mothy J. Randle

SErepsls--The subject report, accordlng to the authors,

'describes tlre development and application of the STARS model to

the sedlment studles in trre Grand canyon". Tbe researchers, ln
the development of srARS, used the .basic concepts of a Dodel

formrlated by l{elinas (rrltten s6rf'n. , t9B3), Basical ly the

STARS--aI acron:m for sediment transport and river sinulation--

node I ls coqposed of tro part s : Ttre lrydraul rc port ion and the

sedlrDent Portlon. Tlrese portions (or parts, are Lnterconnected

tn ttre model rltb ttre baslc assruDptlon ttlat the mean motion of

tlre sediment particles is dtctated by the motion of the uater

flov. At a glven time step the hydraulic condltlons prevailing

at each cross section srrctr as velocity, energy slope, flow depth

and area are computed first by the rrydraulics portion. Tt-lese

variablcs are then used to compute the sediment ootion and ner

channel geoEetrLcs, rtrich will be used dt the next time step.

The clata needed to execute the bydraulic portlon of the

13
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STARS Eodel' accordlng to ttre researchers, a1'e dlsctrarge and

8eoretrlc data to defhe ttre clrannel shape. Ttre geometrlc data

lnclude cross-sectlonal proflles, clrannel-reach lengths betreen

sect ions and rougbrress coef f lc lent s. In

sedlment portlons ln conjunctlon ulth the

addlt lonal sediment data are required.

researchers

order to run the

hydrarllc portlon,

Accordlng to the

rBaslc input lnclude representative sedlEent slze
Sradatlons of the strernrr\ed Baterlal at eacb cross
sectlon. . . An IncoDj.ng sedl.ment toad byalrograpb or
sedinent-<lisctrarge ratlng-curve, correspondlng to rater
dlscbarge bydrograplr, i.s required along ulth rater
teolrerature hytlrograptr to proyLde the upstre€rs boundary
condltl.ons. A sedlment transport rDethod or algorithm
Errst be selected uhich best flts the river conditions
or avallable data ln the study reactr. LLmits on the
depth of alegradatLon can be supplied by the user for
the case rtrere tbere is a knorn grade control or
bedroct< elbvatlon belor tfre streemhed. i

fire STARS mode I, according to the {'esearchers, t. . . is one-

dimensional,

cument,s in the trydraullc calculatlons and to compute sedlment

transport betueen streamtu.bes. "

ftre researchers, ln an effort to demonstrate apl'llcatj"on,

used the STARS model to simrlate scour and fill regioes in the

East Fork Rj.ver near Boulder, Wyoming and ln the Colorado River

betteen Glen Canlron Dan and Lees Ferry, Arizona. Sensi.tivlt:/
analyses of tbe Eodel also were made, according to the

researchers, "to deterEine +-he relative importance of the STARS

model input data in prediction of the sediEent transport'.

Ttre product of the study is the subject narrative, which

include descriptions of results of the verlfication and

1tt

Eeaning no attemlrt is made to sirmrlate secondary
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sensitlvity analyses.

Analwsls--A sedlEent-transport modet tould be useful as a,

'toolr to be used to trelp resolve ttre Ealn sedlment problen

encoEpassed by the GcEs. f mpact s of rater and sedlnent

regulatlon on selected alluvlal deposlts--deposlts that are used

fotr caElrlng and that support vegetatlon--nepresent the maln

proDlem to De nesolved. A model tould be partlcularlt useful lf
It had the capaclty to slmrlate:

l. Uater and sedlnent moveDent ltl tfre nain
channel upstrean and dornstrean froo raplds:

2. adjustments ln the areal extent and
elevatl.ons of rapids caused bIZ etternal
stresses lnduced by floods, debris flovs,
etc. ;

3. the movenent of rater and sediment from the
main channel to eddies, and froE the eddles
to the main clrannel;

+. the movement of rater and sedioent in
secondary flot and eddles, hnd

5. adjustments Ln tlre areal extent and elevation
of ttre alluvlal deposits caused by external
stresses lnduced by Dan's use of beacbes:
natural pbenoDena suclt as tlnd, Fain, local
run-off, floods and debrls flors; and
regulatlon of flor.

Ttre subject model does not trave the utl.llty for ttre simrlatlons
described above--nor does any othep moatel.

As presented ln the ftrst progress report (BurKham, wrltten
cotrlD., 1964), the reviever postulated "General statements about

the source and dispositlon of sedlEent (sand sizes) being moved,

'and of clranges in tbe clraracter of the sediment on the bed can be

made when the model described in this report becomes operational

15
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and analyses are nade. Horever, predictLons of tlre Eagnitude of

'on slte' cbanSes and of long-range effects for ttre total channel

that are Dased dlrectll, on outputs from the sediment-transport

model slrould be ln suspect because of tbe uany uncertalntles
pertlnent to Eattrematlcal slErrlatlon, to ttre data used, to model

cal lbrat ion Ernd mode I appl icat lor.ri. Baslcal I y, the postul at lon

as rrLtten represents ttre revterer's cufrent (Jan. 198?) general

concluslon. Horever, the postulatlon sbould bave an asterlslt and

a footnote to make lt cument. Tlle footnote stateEents are:

t. Descriptions pertinent to the general
movement of sedlDent ln the maln clrannel can
be obtained froE ttre results of other studLes
(see footnote 3).

li*
The descript ions from
sttoul d be as re I iabl e as
the mode I and probab 1y
effort to obtain.

The researchers appl ied great

app I icat ron, I .lmit s and uncert ainty

They stroul d be congratul at ed f or

appl icat ron of the mode I to the data

researclrers coul d strengthen their

the other studies
those generat ed bY
woul 11 reclulre I es s

effort to demonstrate the

of use f or the STARS mc)de l.

thi s. tlowever, f or the

f or the East ForI( R iver, the

report i f they woul d re I at e

4.

I

I

I
I
I
I
I
I
I

3. A GCES report by the revlewer (Burkham,
rritten co@.. 1964, contains tmrclr
information about the general movement of
sand-and-gravel-sLze sediment s in the
Co l orado R iver in the Grand Canyotl. Other
anal yt ical and budget ary studi es perhaps
uoul d be even Eore f ruit ful.

A con1rari son betveen resul t s ob t ained f rom
the nodel with results from tfre other studies
perhaps rould strengthen descriptions of the
general novenent of sediment ln the lnain
channe l.

t6
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ttre RldSi (O. f 7 Deters) to a numb6r representlng the mean of

cbanSes ln tbe thalreg at tlre dlfferent cross sectlons. For tbe

appllcatlon of tlre Dodel to tbe data for tbe Colorado Rlver, tbe

reseancher sbould conslder developlng a table that sbots bot

Sreat tlre overpnedlctlon ls for tbe <llfferent lengtbs of ctrannel

In tbe upper portlon of tlre reacb and tror mucb ttre underpredltlon

ls for tbe dlfferent lengltbs of cbannel ln tbe lorer portlon of

the stualy reacb,

The use of tbe sedlment data for 1959 to 1965 to verlfy tbe

sedlment-transport nodel Day I ead to ml s I eadlng

concluslons. In 1959, tbe Colonado Rlver ln ttre reaclr from Glen

CanIZon to Lees Ferry prlDarllI represented a reach of unllmlted

supply of sand-slze sedlment rben tbe rater dlscbarge tas 1n tbe

r?rnge from 3, OOO to 31, OOO cfs, tbe present release-pattern of

dlscbarges. In 1959, tbe rate of sedlDent dlscbargs pr-l'nafllf

depended on tbe b:zdraull.c condltlons preyalllng ln tbe reacb.

After about 1965, tlre Colorado Rlver ln tbe reach from Glen

canyon to Lees Ferry represents a supPlIZ-llDlted reacb--tbe

dlscbarge of sand-sLze sedlment depends on supPll' ratber tlran

bydraullcs. P!.esently (l9S?), Euclt of tbe Colorado Rlver ls

srrpPly rrrrt"ct

Results and Analtsis of STARS Uoalellng Effort
of the Colorado Rlver ln tbe Grand Ganyon

by Tlmotby ;. Randle and Fnest L. Penberton

Svnopsls--The STARS model, accordlng to tbe researcbers,
rras used to deterEhe tbe relatlve lElracts on streehhed eroslon

TT
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of tbe Colorado Riyer, in the Grand Canyon, caused bt, various

flov releases from tbe GIen Canyon Dam... Use of the STARS

Eoalel. . . provldes a predtcted sand load at any beach rltbl.n ttre

Granal Canyon fon any itlsctrarge. BIZ noutlng different operatlon

scenarlos of the Glen Canyon Porerplant, corparlsons of sedlDent

transPont are posslbte. Thls coElrarlson of sand loacls Ln tbe

rlver under <llfferent operattng patterns proyldes a Deans to

evaluate ttre relatlve lmpacts of streern bed eroslon.'
The report descrlbes, anolrg otber tlrlngs, tbe results of 3

different al)ptlcations of tfre model. Tbe applications rere Eade

to slEulate:

1. Hydraullc and geoDetric propertles--rater
surface pnoflles, streaDflor velocitles,
vLdths, depths, and area--at 706 cross-
sectLons for a range in strcanflov from 5, ooo
to 90, ooo f t3,zs in the 325-mii reach of the
Colorad.o River from Lees Feri y to Dramond
Creelc;

2, the sediment transport rn two reaclres--from
the sediment-sampllng station at Lees Ferry
to the one above Lrttle Colorado Rrver and
from tfre sediment -sampl rng stat lon above
Little Colorad.o Rlver to tfre one near Grand
canyon--for two period.s--June 1 through
December 15, 1983 and October I to October
14, 1985; anct

3. scour and. flI I rn two reaches--from Lees
Ferry to a site above LLttle Colorado Rrver
and. from above Little Colorado Rrver to a
srte near Grand Canyon--for two flow
alternat rves (represent, rng potentral
operatron Scenarios of the pow€:I pLant al
ri l en Canyon Dam) .

Applrcatl.on 1 prrmarrly was made to generete hydreulic and.

geometrrc data for applrcatrons ? and 3. Input ,lata for

appllcatlon 1 were:

18
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199 sets of cross-sectional d,ata supplied, by
Wilson (wrrtten eornm., tgSO);

5O9 sets of cross-sectlonal data lnterpolated,
f rorn inf ormat 10n:
(a) supplieil, by Wl lson (written cornm.,

r986);
(b) scaled from aerlal pfrotographs;
(c)

(d)

water surface profi I es deve I oped by
Blrd,eye (19a3):
water surface elevations supplied. by

USGS; others were obt ained. durlng
USBR surveys (Ferrari, written
colTrm. , t9E6);

3. an assumed value of O. O35 representing the
mannLng's roughness coefficr6nt r11il. and,

4. assumed. correction factors needed to obtain
agreement between trre Birdeye proflle and.
1984 water surface elevations.

Application 1 utrlized. tlre step-backwater feature of the model in

which the d.lscflarge r s assumed const ant ,rnd tfre cfranne I -bound.ary

is assumed to be rigid.

Application 2, according to tlae rescarclrers, primarlly was

made as a cfreck on tfre validrty of usrng the model in the Grand

canyon. Input data for applrcation 2 were:

1. Cross sectional data--elevatj.ons, drstances,
and. roughness--obtalned, In application 1;

?. bed- sed.rment srzes and drstrrbut ron
interpo I at ed, marnl y from rnformat ron supp I red
by Wilson (written corTlm., 1986), and from
bed,-materral samples obtained at sedrment-
sampl rng station' s (Pemberton, wrrtten corTrm,,
1966 ) ;

3. drscharges obtained at USGS streamflow
statlons in the colorado River and tributary
streams; and

4. water-discfrarge-to-sedrment drscharge
relationsfrrps for sedrment-samplrng stat!ons
on tfre Colorado River (Pemberton, wrrtten

19
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comm., 1986) and tributary stream (described
rn tfre subJ ec t report ) .

eppllcatlon a uttl izecl the sed,lment-transport f eatures of the

mod,el ln wfllch the allscharge and elevation of tfre river bed can

vary.

Appl lcat lon 3, accord,lng t o the researcher

predlct lon purposes. Input d.ata for application

as those for appllcatlon 2 except tfrat "ttte sand

materlal were both assumed, to rest on bed. rocK or

materlal and, trave an lnrtlal thict(ness of ?O feet.

was mad,e f or

3 were tfre s ame

and, grave I be d.

a non- erodlb I e

Analvsis--the revlewers pesslmlstlc oplnlons about the

merits of the subJect model is well documented (BurKham, wrrtten

comm, , 198+). Unfortunately, tfre results of tfre applicatron of

the subJect model to the sedrment-transport and erosion problem

in tfre Grand Canyon did not cfrange thr s opinlon. Actual I y,

several of tfre assumptions, slmpllficatrons, and adjustment that

were mad.e in the verif icat ion (appt icat ion 1 and e ) and f l ow-'

alternative runs of tfre model are causes for increasing the

feeling of doubt about tfie reliability of results. The

discussions tfrat are given in tfre following three paragraph are

presented as examples to exempllfy the reasons for trre increase

in doubt.

- For the f irst applrcation (appI Lcatron 1) of tfle modeI, rf

trre adJustment value of 5 feet contained a srgnrfrcant emor, a

high level of uncert3rnty in results of nodel applrcation could

be generated.. The 5-foot adJustment ]n elevatlon was llecessary

to obtain agreement between rnodel -produced prof rles and trrose

?o
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determlned by Blrctseye ( 19a3). If converted to discfrarge at the

USGS 8aglng near Grand Canyon, the 5-foot actjustment wbulct be

approximately equlvalent to about ?O, ooo tt3,zs (Burkfram, wrltten
comm., 1986); if converted to total-sediment dtscharge the s-foot
adJustment woulct be approximately equtvalent to about tZO, OOO

lon/d'ay (Pemberton, wrltten comm. , 1966).

T'lre lnltlal run 1n trre second appllcatlon of the sTARs

model, uslng trre 1983 flow hyatrograprr, gave total-sedlment

dlsctrarges for tlre slte above Llttle Colorado Rlver that were

only about a6 percent of the measured, values. wlth ad.Justments-

-apparent Iy arbrtnari ly assrgned.-- to the bed-material

distributlons, a second run gave total-sediment dlscharges tfrat

Ytere about 61 percent of the measured values. The researetrers

stated. "from the two trial computatlons, !t appears tfrat ertfrer

by makln8 more of the beat materral sw (sancl, lraves) or by

decreasing the s].ze graduation to flner ;d.rld. slze sed.rments, an

increase ls sand load of up to about 5,7O0, OOO tons or ?7OO acre-

feet would. be posslble. Ehe adclitional trme to make the trial
and, erroF runs to reproduce tfre June 1983 bed materral size

grad.ation was not considered. " The researcl:ers seem to imply

tf\at the size d.lstribution of bed. materral was the only possrble

reason for the initral poor agreement between computed and

measured total-gan<l drscharge. The researchers apparently dld

not consrder tfre fact tirat the model does not account for the

erosron of alluvral deposrts--beacfres--along the water edge as

be ing a I ike I y reas;on f or the poor resul t s.

?t

I
I

?T

Several other



l,
I
I
t
I
I
I
I
I
I ,;.

I
I
I
I
I
I
I
I
t

possible reasons exist for trre poor agreement between computed,

and measured. values (Burlctam, wrltten comm. , 1964).

Tlte researchers st at ecl tfrat " the sand ancl grave I bed

materials were assumed to rest on bed, roclt or a non-erodible

matenial and, rrave an inltlal trrlckness of 20 feet". Ttrere ls no

apparent basls for thls assumptlon, wtrich was made in the thlrd
appllcatlon of tfre mocteI.

Total sed,lment supply at the main stem upstream boundary for
each of two reaches, in the third appllcatlon of tfre model, was

computed. as a funct ion of the dlscbarge tryd.rograplr using tfre

modified Einstein waten discharge-to-sedlment CliscfrarSe ratlng
curve developed by Pemberton (written comm. , 1986). Frrst, doubt

or uncertainty is introduced because a stronS arSument can be

presented that trre Pemberton sediment ratrng curve represents a

condition that prevails only after a large flooCl and thus ls not

representative of an average cond.j.tlon. Second,, tfre drsctrarge

hydrograpfr was obtaine(t from an applicatron of tfie SSARR unstead?

flow mod.el (Lazenby, written comm., 1986) and. the discharges

generated by an application of the ssARR model may contain

relative large errors. The errors in tfre drscharge values are

magnifled by a factor of about 4 whbn the computed discrrarSes are

applled to Pemberton's equations.

tJnsteady FIow Hodelrng of tlre Release from Glen Canyon Dam
3t Selected Locatrons Ln Grand Canyon

by ..Ierold Lazenby

Synopsrs--The purpose of the USBR study was "the development

of an unst ead.y f 1 ow rout rng mode I f or the Co I orad.o Rlver be I ow

??
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Glen canyon Dann". The mod,el ls to be used in resolvlng problems

pertlnent to ttre timln8 and attenuation of release flow as the

flow wave moves througtr ttre canyon. Also, outputs from the

subiect model is to be used. as lnputs to trre sediment-transport
mod,el (Pembenton and, Rand,le, written comm. , 19S6). BaslcaI ly,
tlre researcller approach lnvolved 3 steps as follows: (1) A model

was selected; (e) the mo(tel was caltbrated, for speclflc sites ln
the Colorad,o River in ttre Grand Canyon; and, (3) tfre advantages

ancl, I imitatlons of tfie model were determtned,. The researcher
selected, a simplrf recl matfrematical moctet cal ted, 5SARR, f or
cal rbrat ion. The model SSARR, dil acronym for Streamflow

Syntfresls and, Reservoir Regulatton, has' been wiclety used. by state
and federal agencies since its development prlor to 1956.

Tfie calibration of the sdb.lect mod.eI primarity involved, tfre

varying of three parameters (numben of noutrng phases, time of
storage per ptrase, and a dimensionless coefficrent) untrl trre

timing and rates of computect flow hyclrograph (output from modet)

agree as c l ose ly as posslbl e witfr tfrat of a measured. f l ow

hyalroSraprr f or a reach ( or reactres ) of rnt erest. The

researcher's callbration of the mod,el was based on i985-06 flows
measured. at s1x locations on trre colorad,o River as fotlows:

t, Glen Canyon Dam
?, Lees Ferry
3. Above Lrttle Colorad,o Dam
4. Near Grand Canyon ( Cr t y )

5. Above Nat ional Canyon
6. Af)ove Dramond Creek

(mrIe -16)
(mrle O)
(mrIe tO)
(mrle B7)
(mr 1e 167 )

(m.rle aeO)

According t o trre researcher "Th.e mod.e t as r t r s. now

conf igured wil l compute f lows cl:.rect lZ only at trre st4tlons used.

?3
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in i t s cal ibrat lons ". Tlre researclrer present s a procedure f or

estlmatlng flow rates at sites otfrer than tfrose used in the

cal lbrat 1on.

AnaIysls--A relatlvely wlde range of hydraullc models exlst
for routlnS of open-clrannel flow. Baslcally, the range 1s from a

mod.el requirtnS a large lnput of clata for calibration to one that

requires onll a small Lnput of d,ata. Tlae ones that requlres the

large input of d.ata usual ly gives ttre most accurate results
because the factors that affect the timing and, attenuation of a

flow pulse as rt moves downstream are properly considered,.

However, beeause of ease of application the data-lntensive models

are not preferrett for those studies wfrere hlChly accurate outputs

(from the model) are not required..

The researcher (for tfre subJect . paf"r) used a model that

requrred a very lrmited amount of d4ta, obviously, some factors

pertlnent to the timing and attenuation of trre flow pulse are not

consid.ered except in a general or average way. He listed
dr sadvant ages of tfre mode I as:

1. The model assumes a constant travel t ime
between stat ions regardless of the magnitud.e
of the flow pulse. Travel time normally
varies inversely with dlscfiarge.

?, Errors tend to accumulate as computatlons
proceed downstream because the output from a
reactr becomes the input at trre next.

3. Flow (lrscharges can only be computed direct ly
,lt t,h.e statrons used rn the onrgrnal

.tl tbrar' l,>n.

Ttre researcher states that the model as now confrgured L:.as

several brases: It tends to underpredict peak flows by as muclt

?+
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as 7OO to 11OO fl3/s on the average and. overpreCticts f low at tfre

trough by several frunctrect cubic feet per second. It tend.s to

predlct the arrlval of a pealt d.rscharge about I hour later trran

lt strould. and the arrival of the trougtr about one hour sooner

tflan it shouId,. The researcher states that "ff the exact

magnltud,e and tlmes of the precl.lctecl, peak and troughs (of a f low

event) are essential to the user of thls model, they are ad,vised

to mal(e these acljustment (to correct fon bias in cLlscharge and ln
travel time) to th,e computed data results. n

Tfie reviewer suggests another major disad.vantage of the

subject model exrsts. It does not proper-ly account for changes

in travel time and in attenuation of peal( discharge that result
because of scour and flll .rn poo-!-*_ T'he reviewer found (Burkham,

written comm., 19E6) that, oo an avet.age, for a d.iscrrarge of

20, ooo tt3/s at the USGS gagrng statron at Lees Ferry, the mean

cross-sectional velocity was tO. e tt3/s when the pool at tfre gage_

was ful I of read.r Iy transportable sediment and. ?. 3 f t/s wfren rt
was depleted of the sed,tment. The revrewer found srmrlar

differences in velocity at the gage near Grand Canyon. Travel

times varres lnversely and attenuation of flow rates vanies

atirectly witfr velocity. A srgntficant part of the total length

of the Colorado River in the Grand Canyon consrsts of pools ln

whrcfr readriy transportable sediment can be stored.

Tfre subJect moclel may frave satrsfactory*to-margrnal utrirty

to estrmate flow nate.s at different.trmes at selected camprng

beacfres, 3t brolog.Lcal .sampl tng sltes, and at srtes wh.erL.

e5



I
I
I
I
l
I
I
I
I
I
I
I
I
I
I
I
I
I
I

accidents have occurred. T'l:re subJect model, because of erors,
probably would have no utllity for generatrng input data for an

unsteaaly secllment transport model.

Debrls Flows from Trlbutarles of the Colorado River ln crand,
Canyon ![ational ParI(, Arizona by Robert H. Webb, patrick T.

PrinS l e, anct Gl en R. Ruclr

svnopsls--Tfie results of a stucly with the purpose trt,o

document the extent of d,ebris flows in Grand Canyon National ParI(

and. the occurrence and, magnitude of d.ebris flows tn three

colorad,o River tributarles" are presented. in the subject paper.

Tlre USGS researclrers used dat a obt ained. during det ar l ed' l eve I

fielil surveys to approxrmate debris-flow magnitude and frecfuency

for three Colorado River trtbutarles. They usecl data obtained

durlng reconnaissance-level surveys to d.ocument the areal extent

of debris f low in 36 srnall drainages that are tributary to tlr.e

CoIorad,o Rlver in the Grand. Canyon.

Surveys of the areal extent of debris-flow deposits were the-

basrs for evaluating tfre areal extent of debrrs f low in tfre 36

d.rarnages. Debrls flows are flowing water-based slurries of

poorly sorted clay-to-boulder sized partrcles. Debrrs-flow

deposrts, accord.ing to tfre researchers, were recognrzed "on the

basis of characterlstic partrcle sortrng, sedlment,ary strlrcture,

ancl inferred rheologrcal proFerties". They state that "Debris-
f low :leposr ts are (:haracti'rlzed by lacK of sedlmentary structure,

poor sortrng of partrcles, matrlx-suppcrrt of cobbtes and

boulders, and, ln sorne cases, rn'r/erse f:-ne-to-course grad:.ng. "

Tlre debrrs-.flow magnrtude and frequency for each of the

?6
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tfrree dralnages--Lava-ct1uan, !{onument and Crystal -- primari Iy
were evaluated according to three tasks: (1) flre number of

clebrls-flow events in a tlme frame was determined, (a) trre

ctrrono I oglcal ord,er or dat lng of

establish€d, and, (3) Tlre magnltud,es

debris-f 1 ow event s were

the flow events were

the

ofI
I
I
I
I

I

I

I

evaluated,, Baslcally, tfre procedures used, for tasK I and a

lnvolved the stud.y of stnatigraphy and. sectlmentology ln trle

ClrainaSe for docuhentatlon purposes; radlocarbon analysis for
clatlnS of orSanlc samples tal<en from a debris-flow d,eposrts; and,

tree-rrng analysis for Clating the scarring of, trees along the

path of a debris flow, Historical photographs, aerral

ptrotographs and d.amages to lristorical structures provided

add.lt,lonal sources of information for ctating d,ebrls-flow events.

Tfre magnitudes of flow (peat( dlscfrar"te rates) in the three

drainages were determlned usr"ng three simplified frydraulrc

equatlons, wlllcrr are commonly used ln srmrlar studies. Data

need.ed, to use tfre equatlons wene obtarned durrng f ielCl surveys of

the three d,rainages. During their rnvestigatlon, trre researchers

relied freavlly on lnformation (alata, conclusrons, speculatrons)

contarned in a report by Cooley and others (l97Tl,

Analysis--On the one hand, rn comparlng results to tlre

st ated purpose of ttre study, the sub.l ect study 'J'/as very

productive and complete. The subJect report represents a Sood

contrrbut 10n to GcEs and to trre technrcal I iterature. flre

tsesearchers presented e.:{cel lent drscrrssrons of the lebris- f low

occurrences among trlbutary streams r-hat were studred. They

I

I
I
I
I
I
I
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presented SooCl ctescriptions of the dlstributlon of sedlment sizes

amonS the dif,ferent Ctebrls-flow deposits, and frow debris flows

af fect (and,,/or ef f ect ) the f ormation of al luvlal f ans, raptd,,

11f f les, hyclraul lcs of f low, and, f ormatlon of beaches. Th.elr

compl latlon anat d.lscussion of tfre technlcal l iterature was

exce I I ent.

On tfre otfrer hand, in comparing the informatlon contalned in
the subJect report with that needed to develop reliable and

direct answers to questions about the impact of regulation of

f low on beactl'es, a conclusion ts reacfred, that the scope of the

subJect study was too I rmited.. Hore lnf ormation about trre

frequency of eplsodic events and about the input of sedrment to

the Colorad,o River is required.

In presentrng a discussron about tlre need or rmportance of

the sub j ect study and of tfre accumul a.t ion of mone inf ormat ron, it
rs convenlent to present an argument contained in a rnemorandum

from D, E. BurKfram to Robert HcNrsfr dated December ?7, 1985. Tlre

argument is:

"Tributary streams not only supply large amounts of
sand-size sedlments but also most of the large gravels,
cobbles and bould,ers that are found along the Colorad.o
R rver in tfre Grand. Canyon, Land,slrdes that extends
Cl.irect ly to the river supply some of tfrese materials.
Thus the trlbutary streams and landslrde sltes are the
primary 'source area' for trre 'base material' ln
tributary (aI luvial ) f ans and in most of the raprcl
sec t r ons.

flre aIluvral fan and rapids, to a lange extent,
control the rrydraulic conditions in the vicLnrty of the
fan anC raptd. In turn the hydraulrc cond.rtrons not
onl y contro I the movement of sedrment 1n tfre marn
cflanne I but al so contro I tfre I ocat lons of beacfles and
tfre movement of sand to and. from tfre beaches. For a
grven locatron along tfre Colorado Rlver, if ttre

a8
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character of a fan or rapicl changes significantly then
the hyctrautlc cond,ltions und,oubtealty would change also.
Debrls flow ancl landsllCles cfrange (the cfraracter) of
al luvral f ans ancl, rapicls.

HaJor floods occurrlng simultaneously in several
trlbutary streams couldt produce d.ebris flows (and.
tand.sl ldes) and, Cteposttlon that could, signif icant Iy
chanSe the hyd,raullc conditlons of the colorado Rlver
in many places. Tlris pnobably has happened, many ttmes
in tfre past--lt occurred in a smalt way (at Crystal
Raplds) ln December, 1966 (Cooley, Alrld,ge, and Euler,
19771, "

Obvl ous I y, the sub j ec t

stressed the importance of

the subJ ec t paper, Ke i f f er,

stressed the rmportance

f ormat r on and. dynamr c s

of

study was need,ed. The researchers

the study in the flnal paragraph of

(wrrtten cotrun. ,

debrrs flows in

19E6) also have

i nf I uenc r ng the

be ache s, channe I

li

of rapld.s, rrffles,

hydraulic and sediment transport rn ttre Colorado R r ver rn the

Dam cflang e sGrand Canyon. Ttre regulation of flow at Glen Canyon

the debris-flow and d.ebris-deposits inf Iu.rnces.

The types of informatlon, about the frequency of eplsodic

events and. about the rnput of sediment from trrbutary streams,

that are needed. are relatively easy to visualrze or to d.escrtbe,

Basrcal ly, theHowever, the rnformation is difficult to obtarn.

reclurred. information relate to frve questions:

1. What 1s tfre probabt l ity of an episo(l.lc
debris-flow event occurring in at Ieast 1

drarnage rn any one year or rn several years
(say 5 or more)?

?. what rs the probabtlrty of eprsod.rc events
occurrrng in several drartrages (say 5 or
more) in any one year or rn several (5 or
more) years?

3. llow great ly does tfre debrrs-f low o f a slze
trrat reach.es trre co lor.ado Rrver perrodical I y
from at least one dnarnage influence the

?9
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f ormat i on and dynami c o f
be ache s ?

o

raprd.s, rittles and,

How greatly d.oes the debris-f low of a size
that reaches ttre Co l orad.o River periodical 1y
f rom s evera I d,ralnages lnfluence the
formation and, Ctynamlcs of raPids, riff les and
beaches?

5. What ls tfre annual volume of beach-bullcUng
seCllment--very f lne to medlum sand,--from trle
ungaged, tributarles" Is it srgnrflcant
compared, to that from th.e gage(t tributarles--
Parla an(t Little colorado Rlvers? Is it a
slgnificant part of trre total annual supply
avallable for beach building?

The subject report gave partial answers to these questions.

srnopsrs--The obJectrve of the

R r ver, Grand Canyon, Ar Lzona
Kreffer

USGS study, ECcordrng to the

researcher, was to obtaln data on th'. configuration of tfle

cfrannet of the Colorado Rrver rn tlre vr(-"rnrty of tlre raprds and

on the hydraulrcs of the rlver rn the i".IPrd.s.

used data obtarned, during two rlver trrps

Colorado River at and near twelve maior rapids.

House Rock, e4. 5 mi I e,

Granrte, H€rmit, CrystaI,

Hance, Crematlon, Brrght Angel, Horn,

Denbend.orf f , Lava, and aOg -mr I e. The

The Raplds and Waves of the Colorado
by Susan Werner

it

d.at a obt al ne d

of the raprds

f r om about

c ar t o graphr.l c rne t, ho .-1s ; ( c )

durrng the trips were: (a) trme-

as drscharge was varred durrng

photograPhs of

for anaIYs'rs of

The researcher

to descrrbe the

The rapr ds are

l apse phot ography

f luctuatron f low

(b) contro 1 -pornt

strearn lrnes and

T, OOO cfs to about ?O, OOO cfs;

surveys to provrd.e data f or construct lon of t oPographic rnaps by

the traJectortes of

f loats through the raprds

velocity; (d) prelrmrnary descriptrons of tfre srze distribution

30



I
I
I
I
I
I
I
I
I

I
T

I
I
I
I
I
I
I

of l arge

re s earcher

1,

?,
3.
4.
5,
6.
T.
6.
9.

10.

11,
t?,
13.

boul d.ers I lning tfre ctranne I of tfre river. The

presented. d.escriptions and. discussions concerned wittr:
Common geomorphlc and hydraullc features of
tfre raprcts;
locatlons of the rapids;
channel geometry and hyclraullc structures;
raplds, pools, and scour holes;
a genenallzed, hyclraullc model for trre raplcts;pools and backwater;
the tongue and, oblique lateral waves;
tfre breaklng yaves;
large rocl( ln tfre raplCts;
erosion of large boulders and, contouring of
the channel;
rapicts and. rock gardens;
rapiCts and eddies;
tfre mrnor effects--river curvature.

Ii.

The product of the stud,y, accord,ing to the research,er, consrsts

of trre subiect report; of a video cassette showrng trre major

hydraulic features at ten of the twelve rapids that were stud.ierL;

and of ten hyd.raulrc maps of tfre rapicts. The video cassette was

not avallable for revrew.

Analysis--Along wrth tfre supply of sediment and the

discrrarge of water, trre raprd. is probably trre most important

clraracterlstlc of the Colorado River pertlnent to tfre formatron

and dynamrcs of beaches. T'herefore, relrable and complete

information about tfre formatlon, dynamics and. rnfluences of

raplds 1s crltical to the GCES studres. gasically, six general

types of alescript ions pert inent to tfre raprds are needed. The

slx rnterrelated types of descrrptions are tfrose concerned wrth:

31



l,
T

I
I
I
I
I
I
t
t
I
I
I
I
I
I
I
I
I

1.

?,

3,

Number, I ocat ion and
in the Grand, Canyon;
are f ormed;

areal extent
how and, why

of raprd,s
the raP i d.s

adJ ustment s in the aeri a I
elevatlons of alluvlat dePosits
caused, by ext ernal stresses
flood,s, d.ebrls flows and, otlrer
agent s;

ext ent and,
at rapl ds

induc ed by
weatherlng

f ormat i on and
f ormat l on and,

much can the
change wi thout
in a beach;

Co l orad,o

t i e s and, I lnks be twe en the
d,ynamics of rapld,s and, the
dynamics of beaches; lrow
al luvral deposlt at a rapid
inf luenc tng s rgni f rcant cFranges

4. t les or I inks between the formation and
dynamics of raprd.s and the navlgabillty of
the river;

5. the magnrtude and frequency of occurrence of
tlrose stresses--floods and debris flow--tflat
would influence signifrcant changes in tfre
rapids during unregulated and, regulated
flows; and

6. tfre ef f ect s of regul at ion of f l ow on the
debris deposits at rapid and on the influence
of these effects on tfre beacfi,es.

Tlre descriptions ln tfre subject report overlap lnto al I the

types l lsted above. Ttae report glves exce I I ent d.escrlpt lons on

Ihe configuratlon of the channel of the in thqRiver

vicinity of the rapids and. on the hvd.raulics of the r iver in the

rapid.s, whicrr rs the stated, purpose of trle study' Type 1 and

are complete.type 4 d,escriptions are excel lent and basrcal 1Y

However, ln the opinJ-on of the revlewer, types ?,

require more effort.

3, 5 and 6 wrll

The revlewer belreves that much of the drscusslon concerned

wrth elementary fryclraulrcs on pages aO-31 could be cleleted or

an appenrxix wrtrrout detracting from the report' Also,

3?
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much of the d,iscussion concerned witfr definitions of commonly

used terms on pages t2, 13, 26 and 3e could. justlflable be

cleleted or placed, in an append.ix.

Reasons for not reacfrlng tfre goals outlinecl ln the researcl:

proposal Ctated August ?9, 1985 also shoutd be dlscussed ln the

subJect paper. Goals were outIlned, as follows:

1. Development of a classtflcatlon for the
orlgin of trre rapicts.

?, creation of fiydraullc maps srrowing
a, bare-nock conflguration
b. waves at about 20, OOO cfs
c. waves at 50, OOO-7O, OOO cfs
d. waves at 100, ooo cfs

3. Heasurement of ve t oc i t y and deptfr, antl the
development of rating curves(?), for about l?
rapids.

4. Analyses of hydraulrc and, energy balances
through about 1a rapids.

5. Verrflcatron of a propos,ed
g e omorplrr c mo de I .

(?) hydraulic-

6. Evaluatron of tfre relatrve roles of chemical
and physrcal agents in tfre moatrficatlons of
large boulders.

Recent Aggra(tatlon and Degradation of AIluvraI Fan Deposits,
1965 to 1986, Colorad,o River, Grantl Canyon Natronal Park, Arrzona

by Jaclt C. Scfunidt and Julia B Craf

Synopsls--T'he resrar"ner state that tfre purpose of ttre

subject report '... is (t) to present a classlflcatron of alluvial

sand ,1epos1ts that serves as a framework for evaluation of

change, (a) to iI lustrate the processes that rnfluence sand

deposrt locatron and cfrange and (3) to document patterns of

3 yeans and place these cfranges

33
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wlthin the context of sand al,eposit cfrange since completion of

Glen canyon Dan " The stucly involved trre evaluation of exrsting

d,ata and the col lectlon and, evaluatlon of new d,ata. Existlng

alata conslst malnly of aerlal and, ground, ptrotography; anct

toposrapfr1c sunveys of cleposits tfrat were begun ln L97+. Data

obtalned. from Hay 1984 to February 1986 lncluCte measurements of

flow velocity, documentatlons of scour and. fill of sand deposlts,

topographlc ancl bathymethlc surveys, observatlons of flow-

clrculation pat t erns, water-surface slope surve YS ,

sed,lmentaloSical analysrs of some sand deposits, and repllcation
of pfrotographs. The stucty area extends from tfre gagrng statlon

at Lees Ferry to tfre gagrng statron near Dramond Creek. Data was

collected ln ttre vicrnrty of beaches at 41 sites. Bathymetric

surveys, made at clrsctrarges between 15, Oo',1 ancl 25, OOO f t3ls, were

lrmited to reaclres where the raf t could be saf ely maneuvered. and

rnstruments coulcl recerve srgnals. Topographrc surveylng was

limrted to areas of safe wadrng. Tlre comparlson of repeated,

topographic and batfrymetlc surveys of sand dePosJ.ts rvas the

primary means by wtrich changes during the present study period,

1984-86, lvere determined,. Photograpfrrc comparlsons are the

principal means of assesslng clranges durrng 1965-1984. Other

method,s used to lnterpret or document topographic cfranges or

hydraul rc cond.rtrons r.nclude scour ch.ains's, sedimentologlc

descrrptions, water surface slope surveys, and mapping of surface

'current s.

Tf:,e product of tfre study are tfre subJect narrative and 40
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r I l us t rat i ons, rnsln I y maps and graphs on

o f anal ys i s are summari zed.,

wlrr ch dat a and, results

Analvsis--The subJect report deals dlrectly wtth the main

pnoblem to be resolved by the GCES. In order to resolve tfre main

problem, a need exlsts to clevetop the capabillty to adequately

Preallct : ( I ) what w1l I happen to the beacfres in tfre next 50- 1Oo

years if the regulatlon of flow does not change from its present

pattern; and (?'t what regulation pattern is prefemed to enlxance

trre continuous useabl l ity of trre beacrtes. In order to adequately

predict and to resolve tfre main problem, several types of

informatlon for beaches are needed. In general, tfre types relate
to:

1. classlflcation of the drfferent types of
aI luvial deposits that are used for camplng;

?. descrrptions of eacfr type;
a. l ocat rons rn ref erence to raprds or

other maln channel featunes;
locatrons tn reference to alluvtal
f ans;
the movement of water and sediment
tn the eddies;

4. descrrptions concerned wrtlr cfranges in the
beaches that occur when tfrere is relatively
higfr sed.iment discfrarge in the marn cfiannel;
cfranges wlten maln-stem sediment drsctrarge is
relatlvely low;

5. descript ions concerned '{rtfr changes in a
beacfr tfrat result because of a llrge change
tn the area I ext ent and e I evat t r:n o f a.n
upstream or downstream raprd;

6. descrrptrons concerned wlth the areal extent,
t: I evat I on, .1n,1 processes f or cfranges ln the
beaches dur'rng;
a,
b,
e,

1963-82;
the hrgh f lows of 1983-84;
the f luctuatrng f low rn 1985-86.
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Tlre researcher Save excellent information of types I and ?, and

fair to good. information of types 3 and 6. However, they need to

apply adclltlonal effort to obtain more informatron of tyPes 4 and.

5. ACtClitional studles of processes lnvolvecl at tlmes when the

sed,lment movement ln the Colorado River is known to be relatively

high--for instance when the Little Colorado River has a hrgfr

discharge--may give meaningful results of type 4.

Ttre subject report grves excel lent descriPtions of the

features of the dlfferent typed of alluvial deposlts in the Grand

canyon and. of cfranges rn trre sand, d.eposits in 1984-86' Ttreir

d.iscussions of tfre dif f erent aspect s of sediment at ron aI so are

good. llowever, the researchers apparent I y overl oo]r.ed several

opportunit ies to discuss the f luv1aI process. In the first

paragrapfi on page 53, 'f or e:<ample, tfre.-- state that "Al luvlal

deposit, S within rec rrcul at Ing zoneS. ?ri.) compoSed primari 1y of

medr an t o very f rne sand" , hffrat ls tirc slgnrficance of tfrrs

s t at ement ? why d,oesn't coarse sand and gravel appear in tlre

deposit? How much of the sedrment discflarge at nearby 8a81ng

stations ls in the range of med,ran to very frne sand. In the

Second paragraptr on paSe 7Q, they state "Separatlon deposrts may

be finer trran reattacrrment deposits". ItJhy? In the flrst

paragraptr on page 96, the researchers descrLbe "a Iarger' deep

reclrculatron zone" wh.lch rndreates a drfference because most

recirculation zones are shal low. Why ls lt cleeP wflrle others are

sfral Iow? On page 103, tfley state that 'A substant Ial port- ron of

thrs bar, tflerefore, degraded at least 4.5 ft between 1965 and
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1973". hfhy cra it 'clegraate? Why clidn't otfrers Ctegrade an equal

amount? on page 116, they state ,,Th,e reclnculating zone at

Emlnence Break Camp at rlver mlle +q.2 in very dtfferent in strape

from that at Blacktall Rapld; lt is also twlce as tong as lt ls
wld,e". Why ls thls lmportant? On page l1A, the researchers

state ,,Just below l{at10na1 Rapld. at mile 166.6 th.e reclrculatlon
zone ls similar in srrape to that at Eminence Break camp. " rs

thls irnlrortant?

Detailed dlscussions of tlre dlfferent anomalies contained in
ttre report probably are not justrfred. However, brief statements

concernect wlth why they occurrect probabty rs wortlr the ef f,ort.

The report contains some apparent d.iscrepancies rn results
an d/ or c onc I us i ons. For inst ance , on page + of the Execut rve

Summary and on page 53 and 70 ln tfre te:{t, statements are gtven

that say the separation deposrt, reatta.funent deposrt, and the

bed of the rec rrcul at ion zorLe are r:ornposed of medran to f rne

s and,. Ilowever in paragraph 3, on page 5 of the Executlve

surnmary, trre st at ement "Exposure of armorlng mat erlal at

separatlon <leposlts restrlctecl, eroslon at some sites, , " is
given. An obvrous question is "wtaere clict trre armorlng material

come from?tr Js tfris another anomaly tfrat shoul(l be discusse(l?

Some of tfre goals described rn the st,udy proposal dated

December 27, 1986 appar.ent ly were not obtalned. For rnstance,

tfle goal of relatrng long-term changes in the beaches "to

leomorpr:.rc variables measurable from phgto or easr ly measured. ln

tfle f reId" apparent Iy was not reaclaed. Also, tfre goal "to
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C[istinguish ancl quantlfy bar changes not attributable to

malnstream river processes" was not obtained.

Topograpfric Surveys of Selected Sandy Beaches Along
llre Colorado Rlver tn tfre Grand. Canyon Natlonal Park

by Ron Ferrarl
svnopsls--The purpose of the subJect study, accordlng to trre

research,er, was to establistr a survey ctata base at several study

sites for monitoring ctranges of tfre sandy beach areas along the

Colorad,o River below Glen Canyon Dam. fhe survey of a beaclr

baslcal ly requrre(t f qrrr steps i

1. Vert ical and horrzonal controls were
establ lshed by monument ;

?. Three or more range lrnes were est.abllshed
and. srrrveyed--elevattons and d.lstances were
det ermrned;

3. topograprric maps showing 'ontours were
deve I opeal; and

4. photograptrs slr,owrng as many f eatures of tfi.e
beach,es as possible were taken.

Ttre products of tfre investigation are a namative summariZLn,C the

results of tfre stud.y, survey data, wrltt,en descript ions of tfre

beaches and of locattons of monuments, photographs, area maps

showrng location of beaches, and, contour maps. Twenty-five

beaches were surveyed..

Analysls--Tfie study accomplrshed the stated objectrves and

t}-ese obJectrves bas.rcal ly agree wrtfi the needs. Repetrtive

surveys of t.he beacrres should be continued untl l a def rnite trend

of erosiorr, of aggradation, or of no clrange tras been establlshed.

Thrs probabiy wr l1 tat(e 10 or more years. Thrs data wi I I be
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useful for ascertainrng the maSnitucte and location of any beacrr-

eroslon problem and. for predictlon purposes.

DISCUSSIONS

Introduct lon

Prlmari ly, the success of ttre sed,lment stud.les wl l l be

Judged on the abitlty of the researctaers to resolve questions

pert i nent t o the c amp r ng be ach,e s . Examples of guestrons that

need, to be resolved, are "wh.at wrll fiappen to the beaches ln tfre

next 5O-1OO years if tfre regulation of flow does not change from

its present pattern?" and ',wh.at regulatron pattern Is preferred

to enhance tfre conttnuous useabiIrty of the beaches?" The

abrlrty to correctly predrct ts a requrrement adequat e I y

answering trrese questlons.

In studies dealing with sed.iment-related. problems, the

capabilrty to predict commonly ls structured around one or more

of the f ol lowrng intemelated f actors or procedures:

1. SuppIy of sedlment; mass-balance procedures;

2. forces, stresses and responses; determrnistic
processes; analytical and, cause-and-effect
analyses; modeling;

3. opportunlty fon ctrange; probabi I rty and
stochastic processes; empirical approaches;

4. lrrstorical records of changes; future cfranges
related to past crranges; trend analysrs;

5. results of otfrer studies; transfer of
inf ormat- r on; eorre I at ron anal yses; and

6. experrence and good Judgenent of the
researchers.

The factors llsted above are consrdered ln the foI lowrng
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discussions. For convenlence, tbe discussions are groupeal

accordlng to main ch.anneI, trrbutarles, raprds and beactres.

l.laln Clranne I

Basect on tlre results of the GCES, a good, descrlptlon of the

functlon of the maln cllannet ln the beacfr-eroslon process can be

presented.. However, the rel iabi I ity of answers to quest tons

concernect wlth camping beacrres probably would be lmprove lf :

1. mass-balance procedures were utlllze(l to
deve I op drought - ye ar, no rma I - ye ar and.
( tribut ary) f I oocl-year budget s of sediment
for the total study reach and. for selected
sub-reaches;

2, analytrcal and trend, analyses are made using
the histotrrcal sediment records for ttre two
gagrng stat ions "co l orado River at Lees
Femy, Arizona" and Colorado River near Grand
Canyon, Arizona";

3. the results from ? were lnt.ergraatecl with
results obtained by BurKlram lwnltten cornm.,
1966);

4. the probabrIity of occumence of Iarge
marnstream f,loods, such as tlre one rn 1983,
were determined.;

5. tfralweg of ttre Colorado River was resurveyed
after a large lnf low of sed.iment from Paria
and Little Colorad.o Rivers; and

6. ttre tlralweg prof i I e qbtained ln 5 was
compared to tfre one for 1984.

Additional runs of tfre sedrment - transport mode i j-s not

f e,;Ommef:,r1ed,

Trrbutarres

Tlre report by Webb and otfrers (wrilt.ten cornm. 1986) was very

informatrve and represients an excetlent contnrbution to the GCES
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anal to the technical I iterature. In comparing resul t s of the

study to trre stated. objectlves, the study was complete. However,

more lnformatlon about the frequency of eplsoctic events and, about

lnputs of sediment 1s need,ed,. Baslcal ly, the required

lnformation related to five questlons:

1. rdfrat 1s the probabt l tty of an episoctic
d,ebris-flow event occurrlng ln at least 1

drainage in any one year or ln several years
( 5 on more) ?

?. what i s trre probabi I l ty of epr sod.ic event s
occuming in several drainages ( say 5 or
more) in any one year or in several (5 or
more) years?

How great I y d,oes the debrl s - f I ow that reacfre s
the Co I orado Rrver perrodical 1y f rom at I east
one drarnage rnf luence the f ormat ron and
dynamics of rapids, rrff les and beaches?

How greatly rloes trle d.ebrls-f Io".r that reaches
the Colorado Rrver perrodrcali:' from several
dralnages rnfluence tfre f'-rr'fitatron and
dynarnrcs of raptds, rrff Ies and beaches?

What rs the annual supply of sand.-srze
sedrment from tfre ungaged trrbutaries.

Ttre report by Webb and o thers ( wr r t t en c ornm. ,

anslvers to tlrese guestions.

1986) gave partial

Rapi ds

Kelf fer (written comm. , 1986) presented excel lent descr.rptrons

tfre conf iguration of tfre channel of tfre Colorado Rrver and. of

lrydraul ics of open-crrannel f low rn and rn trre vlclnrty of rapids.

llowever, more riause-and-effect rnformatton rs needed. The

requrred. rnformation relates to:

t. adJustments in the areal extent and,
elevations of al luvral deposits at raprds

+1
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caused by external stresses such as f loods
and d,ebrls f lows;

e, tles and llnks between the formation and
dyn€rmlcs of rapids and the f ormat ion and.
dynamics of beaclres;

3. tfre magnltucle and frequency (probabillty) of
occurrence of ttrose stresses--floods and
ctebrls f,lows--ttrat would, influence
sl8nif lcant cbange ln the rapid.s durlng
regulated and. unregulated flows; and

4. the ef f ect s of regul at ion of f I ow on th.e
debri s depos I t s at raplcls and on the
influence of these effects on the beaches.

Prealictlon capability pertinent to beaches would be improved.

if more analytical and, cause-and.-effects analyses were made in

the four areas llsted above.

Beaches

Schtnid,t and Graf (written comrn., 1966) made good.

contributions to knowleclge concerned vrith classiflcatlons and,

descriptlons of al luvia1 deposlts used for beach.es. Tfieir

research mainly focused. on cfianges rn ttre beacfres in 1965-66 and

aggraclatlon and, CtegraClatlon processes at tfre beaclres rn 1984-86.

AClctltional effort ls needed ln ord,er to obtain more information

related to:

1. Descriptions of processes lnvolved, in ttre
formation of eacfi type of alluvral deposit
Yrhich rnc ludes;
a. tfle development of ties or lrnKs

betrveen di scharge of wat er and
sedtment ln tfre maln channe I and
tfre discflarge of water and se,:lrment
rn ectd.ies;' b, tfre movement of water and sediment
ln the eddies;

c. changes in the beaches tftat occur
when ttrere r s re I at ive I Y hl gn

+?
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s ediment di s charg e
channe I ;

in the main

2. d,escriptlons concerned, witfr changes in a
beach that results because of a large change
ln tfre areal extent and, elevation of an
upstream or downstream raplct;

3. probablllty tfrat the part of the beach tfrat
1s utlllzed most, the upper part, 1S
overtoppe<l and,/or destroyecl by a maJor f looct;
and.

4, beach changes not attributable to malnstream
rlver processes.

. Conc lusrons

Except for mass-balance and probabilrty concepts, the GCES

studles mad.e reasonably good use of the different procedures

commonly utilized to improve lcnowledge about a sediment-related.
problem. The informatton d.eveloped 1n ih.€ ntne reports and in a

report by tfre revrewer (Burltham, wri tten comm. , 1996) is
sufficient to altow for: t) a reasonable estlmate of cfranges 1n

the marn channel, rapids and beaches since construction of Glen

Canyon Dam; 2) good descript ions of f luvial processes f or ttre

main channel, raplds and beaclres; and 3) reasonable speculations

of what will frappen to ttre beaches rn the next 5o-1oo years and.

of wfrat regulatlon pattern ls preferred to enlrance tfre continuous

useabillty of ttre beaches. Tfre reasonable speculations, Itorirever,

will have to be conditroned. witrr several "rf' statements. For

example, trre predrctron wil l be reasonable only lf_ a serres of

maln-stream major floods, if loo-year floods rn the parra an<l

Lrtt le colorado Rlver, and if many eptsodrc debrrs-flows tn
trrbutary streams d.o not occur. T'lae actditlonal stud.res described.
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rn the 'rDiscussion" section, especlal ty the mass-balance and ttre

probablllty studles, are needed to improve on the capabillty to

Precuct and to d,evelop a bettelr understancling of ttae magnltucte

and frequency of f 1ood,, and of eplsoctlc e\rents.

++



I
:

I'
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I

References Cited

BurKham, D.8., 196+ (Wrltten Cornmunlcate); Trend,s In
Selected, Hydraullc Varlables For The Colorad.o Rtver At
Lees Ferry And Near Grand Canyon, Arizona--lg?Z-g+i
U. S. Natlonal park Senvtce; Contract t{o. CX 8OOO-4-
oo14; (UI{PUBLISHED).

, 1986 (Wrltten Cornrnunrcate); Trend.s ln selected
Hydraullc variables for trre colorad.o Rlver at Lees
Ferry and near Granat Canyon Arizona--19ea-64; U. S.
National Park Servrce; Contract No. CX OOOO-4-OOt4;
(UT{PUBLISHED),

, and, Dawdy, D.R. , 1980, General Stucty of the modlf ied
Einsteln method, of computing total sediment discharge:
U. S. Geologrcal Survey Water-Suppty Paper aO66, 67 p.

Cooley, H,E. , Aldrrdge, B.N. , and EuIer, R.C. , I9TT Effects
of tfre Catastroplrrc flood of December, 1966, North Rim
area, eastern Grand. Canyon, Arlza^a: U. S. Geological
Survey Professional paper 98O, 43 p.

Femari, Ron, 1986 (wrrtten cornmunrcate); Topographic
Surveys Of Selected Sancly Beaches Along The Colorad.o
Rrver In The Grand. Canyon fiational Part<; U. S. Bureau of
Rec I amat ion; (UIIPUBLISHED) .

Keiffer, iusan W., 1986 (t/rltten Communlcate); RapiCts and
Waves Of Ttre Colorado River, Grand CAnyon, Arlzona;
U. S. Geo I ogical ; (UI{PUBLISHED) .

Lazenby, JeroId, 19s6 (rrtritten Communicate); Unsteady Flow
Modeting of rhe Releases From Glen canyon Dam at
Selectecl Locations ln Grand Canyon; U. S. Bureau of
Reclamatlon; (UilpUBLISHED),

Orvrs, Curtrs J. and Rand,le, Timotfry J., 19S6 (Wrrtten
Cornmunicate) ; Sedrment TransPort And Rt.rer Srlmrlatron
Hode I ; U, S. Bureau of Rec l amat ron; (UNPUBL,ISHED) .

Pemberton, Ernest L. , 1986 (Wrrtten Cornmunrcate) gedlment
Data Cotlection And Analysrs For Five Stattons On The
Colorado Rlver From Lees Ferry To Dramond Creek; U. S.
Bureau of Reclamatron; (UNPUBLISHED).



l:;,'*
i

r'|

I

I Rand,Ie, Thothy J. and Pemberton, Ernest L. , 1906
(Wrltten Cornmunlcate); Results And Analysts Of STARS
llod.ellng Effort Of The Colorado Rlver In Grand Canyon;
U.S. Bureau of Reclamatlon; (UNPUBLISHED).

Schmldt, Jack C. and, Graf , Julla B. , 1986 (ldritten
Conmunicate); Recent Aggraal,atlon and Degnad.atlon of
Alluvial Fan Deposits, Colorado Rlver, Grand Canyon
l{atlonaI Park: U. S. Geologtcal Survey; (UIIPUBLISHED).

Webb, Robert H. , Pringle, Patrick T. , and Rlcl(, Glen R. , ;

1986 (v/rltten cornmunrcate); Debrls Flows From
Trlbutaries Of Tlr'e Colorad.o River In Grand, Canyon
l{atlonal Park, Arlzona; U. S. Geologtcal Survey;
(UIIPUBLISI{ED) .

Wllson, Rlctrard. P. , 1986 (Written eommunlcate); Sonar
Patterns Of fire Colorado Rrver Bed In The Grand Canyon
(UIIPUBLISITED) .

I
I
I
I
t
t
I
I
t
I
I
I
I
I
I
I


